1. Introduction
===============

*Helicobacter pylori* (*H pylori*) is the main bacterial cause of chronic gastritis, nonulcer dyspepsia, gastroduodenal ulcer disease, and stomach cancer.^\[[@R1]\]^ It is estimated that *H pylori* infection affects ∼50% of the world\'s population.^\[[@R2]\]^ In China, *H pylori* infection is a major health problem and its prevalence ranges from 41.5% to 72.3%, varying with the population and geographic area.^\[[@R3]\]^ Known risk factors for *H pylori* infection included age, gender, smoking, body iron stores, and alcohol intake.^\[[@R4],[@R5]\]^ Besides, dietary factors have also been recognized as an important risk factor for *H pylori* infection.^\[[@R6]\]^

Over the past several decades, epidemiological studies have found that diet plays an important role in the development of *H pylori* infection,^\[[@R7]\]^ and examined the associations between the intakes of individual foods and/or nutrients and the risk of *H pylori* infection.^\[[@R6]--[@R8]\]^ Nevertheless, in reality, people do not eat foods or nutrients in isolation, but usually consume meals containing many combinations of different foods and nutrients.^\[[@R9]\]^ To address this problem, dietary pattern analysis has emerged in nutritional epidemiology as a complementary approach for examining the relationship between diet and health outcomes, and it considers the combined effects of foods and potentially facilitate nutritional recommendations.^\[[@R10]\]^

Recently, some epidemiological studies have reported the associations between dietary patterns and gastric cancer risk.^\[[@R11]--[@R13]\]^ Yet, limited data evaluated the associations of dietary patterns with *H pylori* infection, and only one published study to our knowledge has examined the association of dietary patterns in relation to *H pylori* infection risk in Chinese adults.^\[[@R14]\]^ Owing to the absence of studies assessing the association between dietary patterns and *H pylori* infection, therefore we designed this cross-sectional study to ascertain the association between dietary patterns and the risk of *H pylori* infection in Chinese population ages from 45 to 59 years.

2. Subjects and methods
=======================

2.1. Study population
---------------------

A population-based cross-sectional study on *H pylori* infection was performed in the city of Hangzhou, Zhejiang Province during 2015 to 2016. The study sample was taken from Zhejiang is a province in the East China with a population of 57 million, while Hangzhou is a capital of Zhejiang, with a population of 8 million. In this study, the sample was taken from 10 areas (Gongshu, Shangcheng, Xiacheng, Jianggan, Xihu, Bingjiang, Xiaoshan, Yuhang, Fuyang, and Linan) and 3 counties (Tonglu, Chunan, and Jiande) by a stratified cluster random-sampling method. We chose one residential village or community from every county or area randomly, according to resident health records, with participants ages between 45 and 59 years residing in the selected villages or communities. During the research period, participants who previously or currently received treatment to eradicate *H pylori* have been excluded in this study. A total of 3252 subjects with no history of *H pylori* eradication therapy, ages between 45 and 59 years old, were enrolled when having their annual health examinations at the Medical Center for Physical Examination, Zhejiang Hospital, where participants were interviewed face-to-face by a trained staff using a written questionnaire. We excluded subjects who did not complete data collection, for example, missing information on dietary intake or anthropometric information (n = 135). Besides, we also excluded subjects who had a history of cardiovascular disease (n = 82) or cancer (n = 21), because we considered cardiovascular disease (e.g. coronary heart disease, hypertension, and stroke) and cancer could affect lifestyles of subjects. Finally, the study subjects comprised 3014 participants for our analyses. Written informed consent was provided from each participant, and the study protocol was in accordance with the Declaration of Helsinki and was approved by the Institutional Review and Ethics Committee of Zhejiang Hospital.

2.2. Assessment of anthropometric measurements
----------------------------------------------

Height and weight were measured while the subjects wore no shoes and light clothes. Body mass index (BMI, weight in kilograms divided by squared height in meters, kg/m^2^) was calculated from weight measured to the nearest 0.1 kg and height measured to the nearest 0.1 cm. Waist circumference (WC, cm) was measured at the umbilicus and rounded to the nearest centimeter.^\[[@R15]\]^

2.3. Assessment of dietary intake
---------------------------------

Dietary intake were assessed through a validated semi-quantitative food frequency questionnaire (FFQ) containing questions on the frequency with which 135 food items were eaten in the previous 12 months. Before this study, a pilot survey on the validity of the FFQ has been performed in a middle-ages Chinese population by comparison with 3 24-h dietary recalls. Thus, the validity and the reliability of this FFQ have been documented elsewhere.^\[[@R9]\]^ Briefly, participants were recorded both the frequency and portion size (grams per times or cup per times) of food items during the previous year. For instance, the frequency response for fruits intake included nine categories, as following: rarely, \<1/month, 1 to 3 times/month, 1 to 2 times/week, 3 to 4 times/week, 5 to 6 times/week, 1 time/day, 2 times/day, and 3 times/day. Responses were converted to food intake in grams per day (calculated as the product of the reported frequency and portion size) and further categorized into 25 food groups based on the similar characteristics and nutritional content (Table [1](#T1){ref-type="table"}).
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Food groups used in the factor analysis.
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2.4. Identification of dietary patterns
---------------------------------------

Before we performed the factor analysis, the Kaiser--Meyer--Olkin Measure was used to assess the sample adequacy and the Bartlett\'s test was used to assess sphericity. We applied factor analysis (principal component) with orthogonal transformation (varimax rotation) to generate the major dietary factors. The Eigenvalue and Scree plot were used to determine which factors to be remained.^\[[@R16]\]^ In our analyses, factor groups with a factor loading≥\|0.3\| were considered to be significantly conducive to the certain pattern. The labeling of major dietary patterns was based on the interpretation of foods listed in Table [1](#T1){ref-type="table"} with high factor loadings for each dietary pattern.^\[[@R9]\]^ Participant scores were then categorized into quartiles separately for each dietary pattern. Thus, for each dietary pattern, quartile 4 was composed of persons whose diets conformed most closely to that particular pattern.

Four major dietary patterns were identified: namely the "health-conscious" pattern (high in vegetables, fresh fruit, red meat, fish and shrimps, eggs, milk, vegetable oil, and tea.), the "Western" pattern (high in red meat, poultry and organs, innards, shellfish, seafood products, cheese, animal fats, fast foods, snacks, chocolates, soft drinks, and coffee.), the "grains-vegetables" pattern (high in whole-grains, roots and tubers, vegetables, mushrooms, miscellaneous bean, vegetable oils, nuts, and seeds) and the "high-salt" pattern (high in refined grains, pickled vegetables, bacon and salted fish, salted and preserved eggs, processed and cooked meat, wine and tea.).

2.5. Assessment of other variables
----------------------------------

In our study, the International Physical Activity Questionnaire (IPAQ)^\[[@R17]\]^ was used to collect the data on physical activity of the participants, and results were presented as metabolic equivalent in hours per week (MET-h/week). In our investigations, the different metabolic equivalent levels were ranged on a scale from sleeping (0.9 METs) to a high level of physical activity (\>6 METs). Finally, the different MET levels were divided into 3 categories (light, moderate, and heavy). Besides, information about economic income, smoking habits (non-smokers, ex-smokers, and current smokers), educational levels, alcohol consumption have been obtained through using a written questionnaire. However, total energy intake has also been assessed through the FFQ, and results were expressed in kilo-calorie per day (kcal/d).

2.6. Diagnosis of *H pylori* infection
--------------------------------------

In the department of clinical pathology of our hospital, *H pylori* infection was diagnosed by using the ^13^C-urea breath test.^\[[@R18]\]^

2.7. Definition of other variables
----------------------------------

Hypertension was defined as a systolic blood pressure (SBP) ≥140mm Hg and/or diastolic blood pressure (DBP) ≥90mm Hg, or as having received antihypertensive treatment.^\[[@R19]\]^ In China, obesity was defined by BMI \> 27.9 kg/m^2^ and central obesity was defined as WC≥85 cm for males or WC≥80 cm for females.^\[[@R20]\]^

2.8. Data analysis
------------------

Data were analyzed based on the quartiles of each dietary pattern score, and results for continuous variables are presented as mean ± standard deviation (SD), and categorical variables are presented as sum and percentages. For the normal distributed variables, we used Independent-Samples *T* Test to evaluate the significant differences in continuous variables. If not, the Mann--Whitney test was required. Moreover, the Chi-squared test was used to determine significant differences for categorical variables. After adjusting for potential confounders, the multivariate logistic regression analysis was applied to estimate OR and 95% CIs of *H pylori* infection risk according to the quartiles of each dietary pattern score. In our analyses, Model 1 was unadjusted; Model 2 was adjusted for age, gender and BMI; Model 3 was additionally adjusted for education level, physical activity level (continues), smoking status (never smoker, ex-smoker, and smoker), type 2 diabetes, family history of diseases (e.g. cardiovascular, hypertension, hyperlipidemia, and diabetes), and total energy intake. All tests were 2-sided, and *P*-values \< .05 were considered significant. Statistical analyses were performed with version 22.0 of the SPSS software package (SPSS Inc, Chicago, IL).

3. Results
==========

In the present study population, the prevalence of *H pylori* infection was 27.5%. The characteristics of subjects with and without *H pylori* infection are presented in Table [2](#T2){ref-type="table"} (n = 3014). There were significant differences in study subjects with *H pylori* infection and without *H pylori* infection by age, gender, smoking status, economic income, and total energy intake (*P* \< .05). Subjects with *H pylori* infection were significantly older (54.2 ± 9.60 vs 51.5 ± 9.55), to be male (59.1% vs 51.8%), and lower economic income (24.6% vs 29.5%) and total energy intake (1983.4 ± 285.2 vs 2109.3 ± 267.5) than those without *H pylori* infection.
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The characteristics of subjects with and without *H pylori* infection.
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In our analyses, the Kaiser--Meyer--Olkin index is 0.744 and Bartlett\'s test has also been performed (*P* \< .001). These results demonstrated that the correlation between different variables was strong enough for conducting a factor analysis.^\[[@R16]\]^ Four major dietary patterns including health-conscious, Western, grains-vegetables, and high-salt patterns accounted for 11.2%, 8.7%, 7.1%, and 6.5% of the dietary intake variance, respectively. Totally, these 4 factors explained 33.5% of the whole variance. The factor-loading matrixes for these 4 factors have been shown in Table [3](#T3){ref-type="table"}.
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Rotated factor-loading matrix for the 4 dietary patterns^∗^.
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The characteristics of study subjects across the quartiles categories of dietary pattern scores in Hangzhou are shown in Table [4](#T4){ref-type="table"}. Subjects with the top quartile of the "health-conscious" pattern showed to be older, female, smokers and have a higher education level, compared with those of subjects in the lowest quartile. Besides, subjects in the top quartile were young, male, smokers with light physical activity, higher income and prevalence of obesity, compared with those of subjects in the lowest quartile of the "Western" pattern. Furthermore, we also found that subjects in the highest quartile of the "grains-vegetables" pattern were older, female, non-smokers, vigorous physical activity and had a lower prevalence of obesity than those in the lowest quartile. Finally, subjects in the upper quartiles of the "high-salt" pattern were male, smokers, had lower income and higher prevalence of hypertension than those of individuals in the lowest quartile.

###### 

The characteristics of study subjects across quartile (Q) categories of dietary pattern scores in the Hangzhou, Zhejiang province.
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The associations between dietary patterns and *H pylori* infection status by the multivariable regression analysis were shown in Table [5](#T5){ref-type="table"}. After adjustment for confounding variables, participants in the highest quartile of the "high-salt" pattern score had greater odds of *H pylori* infection (OR = 1.13; 95% CI: 1.004--1.139; *P* = .048) than did those in the lowest quartile, while those in the highest quartile of the "grains-vegetables" pattern score had a lower odds of the *H pylori* infection (OR = 0.82; 95%CI: 0.732--0.973; *P* = .04) than did those in the lowest quartile. Besides, no significant associations were observed between "health-conscious" and "Western" dietary patterns and the risk of *H pylori* infection.

###### 

Multivariate adjusted ORs (95%CI) for *H pylori* infection across quartile (Q) categories of dietary patterns scores.
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4. Discussion
=============

In this study, we derived 4 major dietary patterns: health-conscious, Western, grains-vegetables, and high-salt patterns. Our findings showed that the "grains-vegetables" pattern was associated with a decreased risk, whereas the "high-salt" pattern was associated with an increased risk of *H pylori* infection. In addition, no marked associations were observed between the "health-conscious" and "Western" pattern and the risk of *H pylori* infection after adjustment for potential confounding factors. To the best of our knowledge, this is the 1st study reporting the associations between dietary patterns and *H pylori* infection risk in a group of Chinese adults ages from 45 to 59 years.

In our analyses, we did not find the significant association between "health-conscious" pattern and *H pylori* infection. The complex nature of "health-conscious" pattern might explain the observed null association. First, a previous meta-analysis of studies showed that *H pylori* infection was an important risk factor for stomach cancer.^\[[@R21]\]^ In a population-based case-control study in eastern Nebraska, Chen et al reported that higher red meat intake could increase the risk of gastric cancer, which has been documented to be associated with the risk of *H pylori* infection.^\[[@R22]\]^ Besides, vegetables and fresh fruits in the present pattern were raw. Epidemiological studies have also verified that some raw food, such as vegetables and fruits maybe the important sources of resistant and virulent strains of *H pylori*.^\[[@R23]\]^ Second, some previous studies have reported that high intake of vegetables and vitamins may protect against the pathological consequences of *H pylori* infection.^\[[@R24]\]^ As you know, meat, especially red meat contains large amounts of vitamin A, D, and selenium. Several studies reported that high vitamin A, vitamin D, and selenium intake was associated with a decreased risk of *H pylori* infection.^\[[@R25]--[@R26]\]^ Third, no significant association between this pattern and *H pylori* infection may also be due to the reverse causality. Those subjects who have been diagnosed with *H pylori* infection may have been advised by the physicians using eradication treatment, and changing their dietary habits. Briefly, these possibilities which are mentioned above could not be ruled out.

To our surprise, the "Western" dietary pattern (high in red meat, poultry and organs, innards, shellfish, seafood products, cheese, animal fats, fast foods, snacks, chocolates, soft drinks, and coffee) in the present study showed no significant association with the risk of *H pylori* infection. Inconsistent with our result, Nseir et al found that soft drink is associated with *H pylori* infection.^\[[@R1]\]^ Besides, a previous study by Xia et al showed that the "high-protein/cholesterol" pattern (similar to the unhealthy dietary pattern) is associated with a decreased of *H pylori* infection in Chinese adults.^\[[@R14]\]^ No significant association could be attributed to the complex constituents in this pattern. On the one hand, high consumption of red meat (containing amounts of saturated fat and cholesterol) has been reported to be positively associated with obesity, type 2 diabetes and metabolic syndrome,^\[[@R20],[@R27]\]^ which are significantly associated with *H pylori* infection. Previous research has indicated that *H pylori* infection was significantly associated with an elevated risk of metabolic syndrome in the Japanese population.^\[[@R28]\]^ Similarly, Han et al^\[[@R29]\]^ also found that *H pylori* infection was positively associated with T2DM risk in a middle-and old-ages Chinese population. Besides, high intake of soft drink may increase the risk of *H pylori* infection.^\[[@R1]\]^ Although the mechanism is unclear, high soft drink intake may facilitate *H pylori* invasion, infection, and colonization by increasing urea influx and ammonia production by the bacteria due to prolonging the periods of gastric acidification.^\[[@R1]\]^ On the other hand, it is well-known that animal food, especially red meat and innards are also rich in selenium, vitamin A, and vitamin D. In the present study, the "Western" dietary pattern was characterized by a high intake of red meat and innards. As mentioned above, previous studies have confirmed that selenium intake was associated with a decreased risk of *H pylori* infection.^\[[@R25]\]^ Studies have found that the selenium level in gastric tissue is significantly higher in *H pylori*(+) gastritis.^\[[@R26]\]^ Likewise, the results also found a significantly decrease in the levels of mucosal selenium in those patients who performed the *H pylori* eradication therapy successfully. Thus, it is believed that selenium accumulates in stomach tissue when it is need. Moreover, Kroner et al also found that vitamin D may be a central regulator of host defense against infections.^\[[@R30]\]^ Furthermore, recent a study has reported that the vitamin D~3~ decomposition product 1 may exert an antibacterial effect on *H pylori*.^\[[@R31]\]^ Taken together, these possibilities that explained the null association couldn't be exclude in the present study.

The "grains-vegetables" pattern, characterized by high intake of whole-grains, roots and tubers, vegetables, mushrooms, miscellaneous bean, vegetable oils, nuts and seeds, was associated with a decreased risk of *H pylori* infection. In according with our study, a previous study by Wang et al showed that high consumption of vegetables and fruits was associated with a lower risk of *H pylori* infection.^\[[@R7]\]^ The inverse association could be attributed to some beneficial constituents, for example, whole grains and vegetables in the "grains-vegetables" pattern. First, as mentioned above, higher vegetables and vitamins consumption may protect against the pathological consequences of *H pylori* infection.^\[[@R24]\]^ Besides, fresh vegetables are rich in vitamin C. In elderly European men and women, Knoops et al has emphasized the role of vitamin C as a chemopreventive factor in *H pylori* gastric disorders.^\[[@R32]\]^ As far as we know, previous studies have demonstrated that vitamin C may reduce the risk of stomach cancer and influence the course of *H pylori* infection.^\[[@R33]\]^

The "high-salt" dietary pattern in this paper was characterized by high intake of refined grains, pickled vegetables, bacon and salted fish, salted and preserved eggs, processed and cooked meat, wine and tea. In our analyses, we observed a positive association between this pattern and the risk of *H pylori* infection. Several potential explanations for this association should be discussed. First, some foods, for example, bacon, salted fish and processed meat in this pattern have higher salt concentration which has been reported to contribute to the pathogenicity of *H pylori*.^\[[@R6]\]^ Second, some studies in recent years have confirmed that a high concentration of salt in my stomach may destroy the barrier of mucosa, favor colonization by *H pylori* and lead to inflammation and damage-causing gastritis and diffuse erosion.^\[[@R34]\]^ Third, high consumption of refined grains rich in carbohydrates was significantly associated with an increased risk of *H pylori* infection.^\[[@R14]\]^ Furthermore, the "high-salt" pattern in this study was also associated with high consumption of wine. There are a couple of studies that have reported the intimate association between heavy drinking and the risk of *H pylori* infection.^\[[@R35],[@R36]\]^ To the best of our knowledge, high alcohol intake might damage the barrier of gastric mucosa and then increase the gastric mucosa\'s permeability, and ultimately cause chemical inflammation. Thus, the association between alcohol intake and *H pylori* infection risk could be related to inflammation and its major inflammatory cytokine, such as interleukin-8.^\[[@R37]\]^ Izzotti et al found that interleukin-8 was closely related to HP0638, which is the outer inflammatory protein, increasing the adhesion ability of *H pylori* bacteria and the colonization density.^\[[@R14]\]^

4.1. Strengths and limitations
------------------------------

This paper had several strengths and limitations. First, to the best of our knowledge, this is the 1st study in a middle-ages Chinese population to examine the associations between dietary patterns and the risk of *H pylori* infection. Second, in the present study, the dietary patterns were identified by principal component analysis with orthogonal transformation to identify the non-correlate factors. Third, in the multivariate logistic regression models, we have adjusted for a variety of potential confounders for reliability. However, several limitations of this study warrant mention. First, because of the cross-sectional design of this paper, we cannot assess the causal links between dietary patterns and the risk of *H pylori* infection. Hence, these findings should be confirmed in further prospective studies. Second, the use of principal component analysis requires several subjective decisions in the selection of included variables as well as in the detainment of number of factors to retain.^\[[@R37]\]^ Third, the study participants were recruited in Hangzhou, the capital of Zhejiang province. Besides, in the present study, these participants tend to have higher economic income and educational level than the general population. Therefore, our results may not be extrapolated to the general population.

In summary, we identified 4 major dietary patterns in this population. The findings of the present cross-sectional study indicated that the "grains-vegetables" dietary pattern was significantly associated with a decreased risk, while the "high-salt" dietary pattern was associated with an increased risk of *H pylori* infection.
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